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[57] ABSTRACT

In an integrated circuit an improved highly integrated
semiconductor structure for providing a Schottky di-
ode-resistor circuit configuration is disclosed. Although
not limited thereto, the improved highly integrated
semiconductor structure has particular utility when
employed in a monolithic memory.

6 Claims, 5 Drawing Figures
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HIGHLY INTEGRATED SEMICONDUCTOR
STRUCTURE PROVIDING A DIODE-RESISTOR
CIRCUIT CONFIGURATION

FIELD OF THE INVENTION

The invention relates to a highly integrated semicon-
ductor structure containing a Schottky diode-resistor
circuit configuration which, although not limited
thereto, can preferably be used as a decoupling diode
having a high ohmic discharge resistor and co-acting
with the selection lines of an integrated storage arrange-
ment, a monolithic memory.

BACKGROUND AND DESCRIPTION OF THE
PRIOR ART

In the development of highly integrated semiconduc-
tor circuits there are continuous efforts to design indi-
‘vidual or several circuit elements with a miniumum of
space, or surface area, on a semiconductor chip.
Thereby a maximum number of circuit elements or
functions can be provided on a single chip. As known in
the art an increase in the degree of integration has a
direct positive influence on cost, speed, power, reliabil-
ity, etc. of the devices fabricated.

U.S. Pat. No. 3,631,311 discloses an integrated semi-
conductor circuit structure, which provides a transistor
with a base leakage resistance directly integrated there-
with. There, the resistance zone extends unilaterally
into the surrounding isolation area, so that an external
resistance contact is no longer required. In a simtlar
configuration according to the publication in the IBM
Technical Disclosure Bulletin, Vol. 11, No. 11, April
1969, page 1439, the discharge resistance integrated
together with the transistor base is designed as a so-
called pinch or dumbbell resistance. Such a pinch resis-
tance is a twice-diffused resistance, where the conduc-
tive channel of the actual resistance area is pinched off
in its crosssection by the introduction of a further doped
area of the opposite conductivity type. Thus, relatively

high ohmic resistance values may be obtained, without

requiring a relatively sizeable amount of semiconductor
surface as required when utilizing bulk resistance.

U.S. Pat. No. 4,005,469 discloses a relatively highly
integrated combination of a transistor with an associ-
ated anti-saturation diode. An extended metal contact
generates simultaneously on the semiconductor surface
of one conductivity type an ohmic Schottky contact,
and on the surrounding semiconductor surface of a
second conductivity type a rectifying Schottkey
contact. - -

SUMMARY OF THE INVENTION

The primary object of the invention is to provide an
integrated semiconductor structure requiring a mini-
mum of semiconductor surface for a Schottky diode-
resistor circuit configuration, which operates with a
minimum of external contact terminals and intercon-
nects conductive lines. Further, the structure is readily
fabricated by means of conventional, known, process
steps. The resistor is to be designable for high values, as
required for discharge resistors, and has minimum para-
sitic capacitance. The semi-conductor structure dis-
closed for achieving this object, in accordance with the
invention, is summarized and characterized in its impor-
tant features in the following paragraphs.

In summary, the invention provides an extremely
merged integration of a Schottkey diode with a pinch
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resistor connected thereto, whose pinch-off doped area
forms at the same time the cathode contact doped area
of the Schottky diode. Additionally, the Schottky
contact can be provided together with the resistor
contact by a joint metal electrode overlapping the asso-
ciated P/N junction. Finally, further contact for the
resistor can be saved in that the resistor area 1s made to
extend into the surrounding isolation area via which the
respective voltage is supplied when the resistor 1s em-
ployed as a discharge resistor. |

The diode resistor circuit configuration in accor-
dance with the invention is characterized by an ex-
tremely low demand of active semiconductor surface
since by means of avoiding an intermediate isolation it
operates with a minimum of external contacts and inter-
connections. The high resistor value available having
only a low parasitic capacitive influence permits a great
variety of applications, e.g. as a decoupling diode-dis-
charge resistor combination having a low power dissi-
pation.

The foregoing and other objects and features of the
invention, method and circuit, will be more apparent
from the following more particular description of the
preferred embodiments of the invention, as tllustrated in
the accompanying drawings.

The invention will be described in detail below by
way of embodiments shown in the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, FIG. 1 shows the electric circuit
diagram of the Schottky diode-resistor circuit combina-
tion;

FIG. 2A shows a plan view of a preferred embodi-

ment of the highly integrated semiconductor structure
in accordance with the invention.

FIG. 2B shows a perspective cross-sectional view of
the semiconductor structure of FIG. 1.

FIG. 3 shows a plan view of a conventional (prior
art) integrated Schottky dicde-resistor circuit configu-
ration. |

F1G. 4 shows the electric circuit diagram of storage
(monolithic memory) accessing circuitry for explaining
one of the advantageous uses of the structure and cir-
cuitry in accordance with the invention.

FIG. 1 shows the electric diagram of the Schottky
diode-resistor circuit configuration, which in accor-
dance with the invention is provided in an improved
highly integrated semiconductor structure. Diode D is a
Schottky diode with anode contact A and cathode
contact K. Connected to anode A 1s resistor R to whose
other contact a reference voltage VR may be applied.
When resistor R 1s used as a discharge resistor, VR may,
for example, be the most negative voltage in the circuit.
The symbol used for resistor R in FIG. 1 represents a
pinch resistor (known per se) with a pinch zone within
the resistor area.

FIG. 2A, in accordance with the invention, shows a
particularly advantageous embodiment of a highly inte-
grated semiconductor struciure of the circuit of FIG. 1.
FIG. 2B shows, as a supplement to FIG. 2A, a cross-
section along the sectional line 2B of FIG. 2A. For
further explaining the semiconductor structure, the
cross-section of FIG. 2B has been extended to represent
a perspective view. The Schottky diode-resistor circuit
combination in accordance with the invention may be
fabricated by conventional processes which are cur-
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rently employed in the fabrication of integrated semi-
conductor circuits. Hence, no detailed discussion or
description of the processes is deemed to be in order.
The process may, for example, start from a P-conduc-
tive semiconductor substrate 1 consisting e.g. of mono-

crystalline silicon. In substrate 1 buried doped areas 1n

the form of the known subcollector regions can be pro-
vided. For purposes of clarity, the buried subcollectors

are not shown in the drawings. In bipolar semiconduc-
tor structures an epitaxial layer of the opposite conduc-
tivity type is in general subsequently applied on sub-
strate 1 by means of known epitaxy processes. The
epitaxial layer is subdivided by frame-like separating or
isolating areas 2 into individual limited areas 3 of N-con-
ductive semiconductor material. These limited areas 3
of the epitaxial layer are utilized in a known manner for
providing the semiconductor elements to be produced
therein.

In the illustrative embodiment, such a limited area 3
of N-conductive semiconductor material has integrated
therein Schottky diode D as well as resistor R. Resistor
R consists of the oblong P-conductive doped area 4
whose cross-section is pinched off, in the conventional
pinch resistor manner, by introducing a further doped
area 5 of the opposite conductivity type, namely the
 N+-conductive semiconductor material (5). Pinch-
doped area 5 has a lesser junction depth than resistor
area 4. In the transverse direction the pinch area 5 ex-
tends over the width of resistor area 4 (at 6), so that it 1s
connected to the semiconductor material in area 3. The
pinch area 5 is of the same conductivity type as the area
3, which surrounds resistor area 4. For providing doped
areas 4 and 5 conventional doping processes such as
diffusion, or ion implantation may be employed.

An external contact to resistor area 4 is provided at
one end. In the embodiment of FIG. 2 the contact is
metal electrode A at the righthand end. This metal
electrode A forms an ohmic contact with the P-conduc-
tive resistor area 4. It is of particular advantage, and in
accordance with the invention, to design metal elec-
trode A as an extended contact. Thus it extends over
resistor area 4 into the surrounding N-conductive mate-
rial of epitaxial layer 3. Metal electrode A thus forms,
apart from an ohmic contact on resistor area 4, a rectify-
ing Schottky contact on the N-conductive semiconduc-
tor material of layer 3. The particular metal, or alloy,
and semiconductor material required for obtaining the
desired rectifying Schottky contact are well known in
semiconductor technology. It is for example known
that metal contacts of aluminum, platinum, etc. form a
Schottky contact on slightly doped N-conductive sili-
con. The Schottky junction (at 7) is formed integrally
with the ohmic contact on resistor area 4 by means of
extended metal electrode A. The extended contact A,
therefore forms, in addition to a contact to resistor area
4, the anode of Schottky diode D. This common contact
is clearly depicted in the circuit diagram of F1G. 1.
Instead of two contacts as conventionally required,
only one single contact is now required. Thus a corre-
sponding amount of active semiconductor surface is
conserved.

In accordance with the invention on pinch-doped
area 5 there is also a metal electrode K provided as an
external contact. This metal electrode is marked K
because the cathode of Schottky diode D 1is thereby
externally accessible. According to the invention, use is
made of the fact that apart from this function within the
pinch resistor layout, pinch-doped area 5 represents at
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. 4 .
the same time the cathode contact doped area for the
Schottky diode consisting of metal electrode A and the
N-conductive semiconductor material of layer 3. This 1s

accomplished by N+area 5 which extends into the N-

conductive semiconductor material of epitaxial layer 3
which surrounds resistor area 4. Metal-electrode K may
consist of the same metal as metal electrode A because
the degree of doping of pinch-doped area 5 is higher
than that of the semiconductor material in area 3. Thus
the metal electrode K forms an ohmic contact with area
5. Metal electrodes A and K may also be provided by
means of conventional processes, €.g. by means of an
aluminum vapor deposition, cathode sputtering, etc. It
is to be appreciated that the process steps required to
provide the doped areas as well as of the metallizations -
may be performed concurrently with like process steps
required for other circuit elements to be fabricated on
the same semiconductor chip. The P-conductive resis-
tor area 4 may be provided simultaneously with base
doping. The pinch-doped area 5 together with the emit-
ter doping. The metal contacts A and K together with
the remaining metallizations for the contacts and con-
ductive lines on the chip. |

The above described semiconductor structure, refer-
ring to the circuit diagram of FIG. 1, provides the
Schottky diode D with its external contacts A and K as
well as resistor R connected to anode A. If resistor R is
used as a discharge resistor to the most negative poten-
tial of the circuit it is, in accordance with the invention,.
desirable to eliminate the requirement of a second metal -
contact to resistor 4. The otherwise required second
metal contact to resistor area 4 is provided by extending
resistor area 4 into isolation zone 2 surrounding semi-
conductor area 3. To provide reversed biased P/N
junctions isolation areas 2 are generally at the lowest
potential available in the circuit. Thus the extremity of
resistor R (area 4) contacting isolation zone 2 receives at
its contact therewith reference potential VR. The afore-
recited interconnection of isolation area 2 and resistor
area 4, obviates the necessity of providing a specific
additional contact requiring a sizeable amount of semi-
conductor surface area. This has the advantage, that
owing to the interconnection of isolation areas 2 only
one, or at any rate only a few, contacts: on the entire
chip for the potential VR are required. |

It will now be fully apparent that the Schottky diode-
resistor circuit combination shown in FIG. 1 may be
realized with an extremely high integtration density and
only two external contacts required. Comparing the
semiconductor structure in accordance with the inven- -
tion with a conventional (prior art) semiconductor -
structure of such a circuit clearly shows a considerable
amount of semiconductor surface area saved. This will
be more readily apparent by means of . a true-to-scale
surface area comparison of the structure shown in FIG.

3 (prior art) to that of FIGS. 2A and 2B. -

FIG. 3 shows a conventional (prior art) integrated
semiconductor structure for the circuit configuration of
FIG. 1. The same design rules, i.e. spacing values, mini-
mum area dimensions, etc., as in the embodiment in
accordance with invention, FIG. 2A, have been used.
In FIG. 3, the pinch resistor with its P-conductive resis-
tor area 9 and the pinch-doped area 10, as well as the
two external contacts 11 and 12 are shown in a first
isolated semiconductor area 8. Isolated therefrom, the
Scottky diode is provided in a second semiconductor
area 13 of N-conductive semiconductor material.
There, metal electrode 14 forms the Schottky junction
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for the anode, whereas the other metal electrode 15
forms on the N+-conductive doped area 16 an ohmic
contact for the cathode of the Schottky diode. A semi-
conductor surface area comparison of the conventional
(prior art) structure of FIG. 3 with the structure in
accordance with a preferred embodiment of the inven-
tion, FIG. 2A, results in a surface area saving in the
order of 54%.

With such an advantageous integrated semiconductor
structure, from the point of view of semiconductor
surface area requirement, the expert designer of inte-
grated circuits has a circuit structure at his disposal
which he can advantageously use in connection with a
great variety of circuits. FIG. 4 shows as an application
example, for the use of the Schottky diode-resistor cir-
cuit configuration, in accordance with the invention, in
the accessing circuit portion of a semiconductor store.
FIG. 4 shows a portion of a semiconductor, or mono-
lithic memory including a pair of bit lines BL0, BL1.
For purposes of explanation of the subject invention,
the store circuit portions are drawn only schematically,
e.g. the storage cells, output amplifiers etc. In order to
achieve in such a semiconductor store, short cycle times
with low power consumption, all word and bit selection
lines have to be charged or brought, respectively, after
each access period, to defined dc potentials for the
standby state by means of clocked control logic. For
this purpose, a series of transistors are provided as cur-
rent sinks and current sources which are controlled by
a schematically shown circuit 17. If there is no selec-
tion, the base contacts of transistors 18, 19 and 20 can be
pulled down via circuit 17 to the reference potential
VR, e.g. the lowest potential available in the circuit.
The voltage drop over the discharge Schottky diode D
1s in that case assumed to be unimportant. Each such
group of transistors belonging to a bit line pair, or to a
word line, can be decoupled according to FIG. 1 from
the respective transistors of another bit line pair, or of
another word line, by the Schottky diode-resistor cir-
cuit configuration shown in the framed area 21. When
there s a chip selection signal all decoupling Schottky
diodes D on the respective chip are reverse biased so
that for the storage cells on the chip write-in, or read-
out, cycles can be performed. In order to ensure the
reverse-biased decoupling Schottky diodes D of the
transistors (corresponding to 18, 19 and 20) belonging
to nonselected address lines cannot accidentally be
switched on by means of a potential rise at point A due
to leakage currents, a discharge resistor R is addition-
ally provided in parallel to the anode contact of decou-
pling Schottky diode D. In order to ensure, however,
that there 1s only a minimum current flow through the
discharge resistor during selection, said discharge resis-
tor R should have a maximum value as well as a mini-
mum capacitance, for these characteristics-have a direct
influence on the switching times and the power dissi-
pated.

It 1s to be appreciated that in an integrated semicon-
ductor store (monolithic memory) a decoupling
Schottky diode-resistor circuit configuration must be
realized on 2 mimimum of semiconductor surface area
in order to avoid a reduction in the number of storage
cells provided on the chip. As shown above, this very
highly integrated semiconductor circuit configuration is
readily provided by the invention.

While the invention has been particularly shown and
described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art
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that various changes in form and details may be made

- therein without departing from the splrlt and scope of

the invention.
What is claimed is: _

1. In an integrated circuit contained on a semiconduc-
tor chip having at least one substantially planar surface
said semiconductor chip having

a first region of a first conductivity type;

a second region of a second conductivity type con-
tained as a pocket within said first region;

a third region of said first conductivity type, said
third region having a first portion extending into
said first region and a second portion extending
into said second region;

a fourth region of a said second conductivity type,
said fourth region having a first portion extending
into said second region and a second portion ex-
tending into said third region;

a first metal contact providing an ohmic electrical
connection to said third region and a Schottky
barrier junction to said second region; and

a second metal contact for providing an electrical
connection to said fourth region. -

2. In an integrated circuit contained on a semi-con-
ductor chip as recited in claim 1, wherein said first
region 1s of P+ conductivity, said second region is of N
conductivity, said third region is of P conductivity, and
said fourth region of N+ conductivity.:

3. In an integrated circuit contained on a semiconduc-
tor chip as recited in claim 2, wherein said second metal
contact provides an ohmic contact to said fourth region,
whereby said first metal contact provides the anode of
a Schottky diode and said second metal contact pro-
vides the cathode of said Schottky diode.

4. In an integrated circuit contained on a semiconduc-
tor chip as recited in claim 3, wherein said third region
is a pinch-resistor connected between said first metal
contact and said first region, where said first metal
contact provides a Schottky barrier junction connec-
tion to said second region and an ohmic connection to
said pinch resistor.

5. In an integrated circuit contained on a semiconduc-
tor chip said semiconductor chip having

a first region of a first conductivity type;

a second region of a second conductivity type, said
second reglon being contained as a pocket within
said first reglon

a third reglon of said first conductmty type, said
third region extending from said first region
through a portion of said second region;

a fourth regton of said second conductivity type con-
tained within said second region and bridging at
least a portion of said third region;

a first metal contact, said first metal contact having
first and second integral portions, said first portion
of said first metal contact physically contacting at
least an area of said third region and said second
portion of said first metal contact physically con-
tacting at least an area of said second region;

a second metal contact, said second metal contact
physically contacting at least an area of said fourth
region, whereby said first metal contact provides a
Schottky barrier junction with said area on said
second region and an chmic connection to said area
of said third region, said second metal contact pro-
vides an ohmic connection to said fourth region,
where said third region is a pinch resistor con-
nected between said first metal contact and said
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first region, said first metal contact also providesa  tor chip as recited in claim 15, wherein said first region
connection to the anode of a Schottky barrier s p 4 conductivity, said second region is N conductiv--

diode whose barrier junction is provided also b . Cy s A e : |
said first metal contacJ:t and whose anode connec): ity, said third region is P conductivity, and said fourth

tion is provided by said first metal contact.
6. In an integrated circuit contained on a semiconduc-

s region is N+ conductivity.
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